Japan.
Using patterns of H-segments in cold treated chromosomes, analysis of chromosomal variations in both the species and of cytogenetic relationships between both the species was carried out.
In the patterns of H-segments, two of the three pairs of homologous chromosomes in each of chromosomes A to E of T, smallii were identical to those in co-existing T. apetalon which was composed of homoeologous pairs (combinations of two homologous pairs) of the indivisible genome complex SU. The remaining one pair of homologous chromosomes was that of the chromosomally polymorphic genome K1 in T, kamtschaticum Pallas (2n=10, K1K1) rather than the genome K2 in T. tschonoskii Maximowicz (2n=20, K2K2TT) . Most of the chromosome types due to the patterns of H-segments of the genome complex SU found in T. smallii were also contained in T. apetalon.
In addition, variation of chromosomes in the complex SU was smaller in the former species than in the latter species. Therefore, most of the chromosome types in the complex SU in T, smallii are those derived from T. apetalon.
Both species from Muroran were very similar with respect to chromosome types and frequencies of the types in the complex SU. Both species from Hakodate shared the same types of chromosome A, A5 and A6, which were restricted to Hakodate and had attained fixation.
It is highly probable that T. smallii in these localities has been present there since its origin by hybridization between progenitor forms of present T. kamtschaticum and T. apetalon.
INTRODUCTION
Two hexaploid species, Trillium hagae Miyabe et Tatewaki (2n=30, K1K1K2K2TT) and T. smallii Maximowicz (2n=30, K2K2SSUU) , are the highest polyploids in the genus Trillium (x=5) and are restricted to the northern part of Japan (Raga 1974; etc.) . It is well established that the hexaploid T. hagae arose by chromosome doubling following hybridization between diploid T. kamtschaticum Pallas (2n=10, K1K1) and tetraploid T.
tschonoskii Maximowicz (2n=20, K2K2TT) (Raga and Kurabayashi 1953) . Because of chromosomal polymorphism in T. kamtschaticum, the hexaploid T, hagae is polymorphic with respect to the patterns of H-segments of the chromosomes of the genome K1. But, the genomes K2 and T are not polymorphic in T. hagae as well as T. tschonoskii (Haga 1956 ). It has been inferred that T. smallii originated by amphidiploidization between tetraploid T. apetalon Makino (2n=20, SSUU) and an extinct diploid species (2n=10, K2K2). This relationship was first suggested on the basis of morphological comparisons of the floral organs (Haga 1939; Amano 1944; Fukada 1954; Ono 1957) , and later, on the basis of karyotype analysis due to the patterns of H-segments of the chromosomes (Haga and Kurabayashi 1953) . A single plant analysed by Haga and Kurabayashi (op. cit.) had patterns of H-segments which indicated that it was homozygous for all 15 chromosome pairs. Two set of chromosomes of T, smallii were identical with those in T. apetalon and the remaining set was supposed to belong to the genome K2, one of the two sets found in tetraploid T. tschonoskii (op, cit.) .
Recently, tetraploid T, apetalon was found to be chromosomally highly polymorphic as revealed by the patterns of H-segments Saho 1974a Cold treatment was carried out as follows: Flowers in bloom were cut off at the base of the flower-stalk, the cut ends were wrapped in moistened cotton, and the flowers were putted individually into small thin plastic bags. Then flowers in bags were chilled for 96 hours in an ice-water mixture kept in a Duwar bottle.
After cold treatment the ovules were dissected out, fixed in La Cour 2BE and squashed following the Feulgen procedure. Finally, preparations were made parmanent by use of a modification of the Conger and Fairchild dry-ice method (cf. Kayano and Watanabe 1970) .
Chromosome types distinguished on a basis of the patterns of H-segments were designated as follows. Different chromosome types of the genome K2 in T, smallii were numbered according to the type numbering adopted for the genome K1, because chromosome variation in K2 contained in T, smallii was found by the present study to parallel the variation in Kl ( Fig. 2 ; cf. Haga and Kurabayashi 1954; Fukuda and Kozuka 1958) . The chromosome types in the indivisible genome complex SU in both T. apetalon and T. smallii were numbered for each of chromosome A to E, e.g., Al to A7 in chromosome A, B1 to B18 in chromosome B, and so forth (Table 5 ; .
OBSERVATION (i)
Chromosome constitution of T. smallii In the somatic complements of 99 plants of T. smallii, except for single triploid plant from Hakodate (cf. Uchino 1973), every chromosome from A to E was composed of six members or three pairs of homologous chromosomes ( Fig. 1) . In a given complement two homologous pairs were the same as those found in co-exsisting T. apetalon. For example, 9 of 50 plants of T, smallii from Muroran had two homologous pairs which were the same as those found in two plants of co-exsisting T. apetalon for all five sets of chromosomes A to E (Table 1) . So, the two homologous pairs in each of chromosome A to E were chosen as those of the genome complex SU. The remaining five homologous pairs of chromosome A to E were those of the genome K2 ( Fig.  2; cf. Haga and Kurabayashi 1954; Fukuda and Kozuka 1958) . In the remaining 41 plants of T. smallii, three homologous pairs of chromosome A, B, C, D, and E, respectively were classified into two pairs of the genome complex SU and one pair of the genome K2 (Table 2 ). The same two homologous pairs as those found in co-exsisting T, apetalon were chosen as pairs of the genome complex SU. The remaining pair was regarded as those of the genome K2. In the case of absence of the same two pairs as those found in co-exsisting T , apetalon, one pair regarded as those of the genome K2 by the above method was chosen from the three homologous pairs. The remaining two pairs were treated as those of the genome complex SU. In applying the same method to T, smallii from Hakodate (Table 3) , any of two homologous pairs in D-7.7/2.2.4.4
were not found in any of the co-exsisting plants of T, apetalon, but D-2.2.4.4 is found in 25 out of 50 plants of T , apetalon from Hayakita (Hy) (cf. Haga 1974; Haga et al. 1980) . Therefore, D-2.2.4.4 was regarded as those of the genome complex SU and the remaining pair 7 7 was that of the genome K2.
(ii) Chromosomal variation in T. smallii
Placing the three homologous pairs in each of chromosome A to E into the genome K2 and the genome complex SU enables to clarify chromosomal variation in T, smallii from Muroran and Hakodate (Tables 2 and 3) .
Eleven and 7 chromosome types were distinguishable through in chromosome A to E of the genome K2 in each of 50 plants of T. smallii from the Muroran and the Hakodate populations.
As 5 types, A22, A39, B9, C6, and E1, of them were common in both the populations, 13 types were found through chromosome A to E of the genome K2 in 100 plants of T, smallii from both the populations (Table 4 ; Fig. 2 ). Most of these chromosome types were identical with those found in the genome Kl and details will be discussed in a later chapter.
The frequency of the chromosome types was different between the population. For example, the most frequent types were A22, B2, C17, D11, and El in Muroran, but A39, B9, CO1, D7, and El in Hakodate (Table 4 ). In the genome complex SU, remarkable chromosomal variation was found in 100 plants from both the populations; 4 types in chromosome A, 7 in B, 4 in C, 3 in D, and 6 in E (Table 5 ; cf. . The frequency of the chromosome types as well as the case of the genome K2 was different between the popula- most frequent two types of each chromosomes A to E were Al, A3, B5, D4, D5, E2, and E6 in Muroran, but A5, A6, B6, B11, C4, C5, D2, D4, E4, Hakodate.
Especially, Al and A3 were attained to fixation in Muroran but in Hakodate (Table 5) . (iii) Frequencies of chromosome types of the genome complex SU in T. apetalon and T. smallii in comparison It was found that the genome complex SU was chromosomally highly polymorphic in 100 plants of T. apetalon as well as in 100 plants of T, smallii from both Muroran and Hakodate; 6 types in chromosome A, 9 in B, 8 in C, 4 in D, and 11 in E (Table  5) . It was also found that the complex SU in T. smallii was less variable than in T. apetalon and all of the chromosome types, except for B16, of T. smallii were found in T. apetalon (Table 5 ; cf. .
In the plants from Muroran most of the chromosome types found in T. smallii were also found in co-exsisting T. apetalon. Besides, both species showed similar frequencies of different chromosome types in each of chromosomes A to E (Table 5 ). For example, the most frequent two chromosome types in each of chromosomes A to E in T. apetalon were also observed most frequently in T. smallii, i.e., Al, A3, B6, C4, C5, D4, D5, E2, and E6. In chromosome B, the most frequent another type was B2 in T. apetalon but it was B5 in T , smallii (Table 5 ). This was also true for dif - indicates the x 1,300.
centromere.
ferent homoeologous pairs (combinations of two homologous pairs) as to the genome complex SU. The most frequent homoeologous pairs in each of chromosomes A to E in T. apetalon were also observed most frequently in T. smallii, i.e., A-1.1.3.3, C-4.4.5.5, D-4.4.5.5, and E-2.2.6.6. In chromosome B, the most frequent pair was 2.2.6.6 in T. apetalon but it was 1.1.6.6 in T. smallii (Table 2) . In spite of different frequencies of chromosome B, the chromosome constitutions of the complex SU of nine plants of T. smallii were the same as those of two plants of co-exsisting T. apetalon (Table 1) . On the other hand, T, apetalon and T, smallii from Hakodate often differed in frequencies of different chromosome types as well as different homoeologous pairs in each of chromosomes A to E. For instance, the most frequent homoeologous pairs of chromosomes B, C, and D were different between the two species (Table 3) . With respect to the most frequent types of chromosomes B, C, and D, B6 only was common in both the species (Table 5) . Nevertheless, in both the species chromosome A reached fixation in 5.5.6.6, which was restricted to this population (Table 3 ; cf. ). (Watanabe and Kayano 1971; Uchino 1975) . However, the present study disclosed 13 types through chromosomes A to E of the genome K2 in 100 plants of T. smallii from Muroran and Hakodate (cf. Table 4 ; Fig. 2 ). All the chromosome types found in T. smallii, except for COI, were the same as those of the genome K1 in T. kamtschaticum (cf. Fig. 2 ; Haga and Kurabayashi 1954; Fukuda and Kozuka 1958) . Among 7 types of chromosomes found in T. smallii from Hakodate (Table 4) , 6 types excepting COl showed close resemblance to those found by Fukuda (1969) in T. kamtschaticum from Hakodate-yama.
On the other hand, 6 of 13 types of the chromosome types of the genome K2 in Muroran and Hakodate, A22, A39, B2, C11, C17, and E6 were different from those found in the genome K2 in T. tschonoskii and T. mi yabeanum Tatewaki (2n=20, K2TSU) (cf. Watanabe and Kayano 1971; Uchino 1975) . Thus, it is reasonable to conclude that the genome K2 in the present T , smallii is K1 rather than K2. Haga and Kurabayashi (1953) pointed out that one homologous pair of chromosome E of T. smallii resembled that of the genome K1 in T, kamtschaticum rather than K2 in T. tschonoskii. For the remaining homologous pairs, chromosomes A to D, of T, smallii analysed by Haga and Kurabayashi (op. cit.) are like chromosome types found in the genome K1 as well as in the genome K2. The restricted chromosomal variation in the genome K1 of T, smallii in the two populations might be originated from the chromosome content of the small isolated progenitor populations of T, kamtschaticum which contributed to Table  5 . (Continued) hybridization to the formation of the present T , smallii (cf. Haga 1956 Haga , 1969 Haga , 1974 . In the genome complex SU, all of the chromosome types, except for B16, contained in T, smallii were also found in T. apetalon, but the variation was smaller in T. smallii than in T , apetalon (Table 5 ; . These facts suggested that the chromosomal variation in the genome complex SU in T , smallii was derived from T, apetalon (cf. Haga 1974; Uchino 1975) . For the chromosome type B16 of T, smallii there are two possibilities, i. e., (1) a relic from the progenitor species with the genome complex SU, and (2) a new variant arisen after the establishment of the hexaploid species.
The frequencies of chromosome types as well as homoeologous pairs with respect to the genome complex SU in each of chromosomes A to E of T. smallii from Muroran was similar to co-exsisting T. apetalon. Furthermore, the chromosome constitutions with respect to the complex SU of nine plants of T, smallii were the same as those found in two plants of co-existing T. apetalon.
The homoeologous pair of chromosome A, 5.5.6.6, is a unique in the population of both the species at Hakodate and attained to fixation, though frequencies of the other pairs were not always similar.
These imply that T. smallii has been co-existing with T. apetalon since it was established.
Therefore, it is reasonable inference that T. smallii at Muroran and Hakodate are native to these localities. Establishment of the hexaploid species due to hybridization and chromosomal doubling may occur at localities where the parental species, T. kamtschaticum and T. apetalon, were growing together. This is the same as the case in another hexaploid T. hagae, appearing and expanding through Hokkaido at present (cf. Haga 1956; . The restricted distribution of populations of T. smallii is account for taking a few occurrences of T , yezoense Tatewaki (2n=15, K1SU), the triploid hybrid between T. kamtschaticum and T, apetalon (Haga 1974; Haga et al. 1980; Kurabayashi and Saho 1957; Saho 1974b Warm hospitality and many facilities were offered during the author's stay in the Botanic Garden of Hokkaido University by Prof. I. Harada, Dr. T. Tsujii, Dr. H. Kanazawa, and Mr. K. Hanazono, of Hokkaido University, to whom the writer is also very grateful.
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